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"A combined information recording and graphic display device" ^. „^ i- 

The present invention relates to a combined infomnmation recording and graphic display device and in 
particular is intended to serve electronically the function until now performed by instruments known as 
"chart recorders". 

Chart recorders are used throughout industry to provide a permanent record of a varying electrical signal. 
Such electrical signal is converted, upon being fed to the recorder, to cause displacernenl of a chart 
Sng SSmeTit such as a pen. Jwch is drsplaceable in a line across the chart whHst the chart Itself is 
displaMd. perpendicularly with respect to the line of movement of the pen. at a con stant rate or 
incrementally in dependence on the circumstances. The combined effect of the movement of the pen or 
other marking instrument, which represents the value of the input sigrial at any instant in tinrje, and «Je 
movement of the paper within the chart recorder, produces a varying line constituting a permanent record 
of the value of the input signal at any instant In the time period recorded by the instrument 

Such oermanenl records may be required for any one of a number of purposes, for example analysing the 

past histonf of variation of a parameter sensed by a sulteble sensor and converted into an e^^^^^ 

Which is supplied to the chart recorder, and may be used for any purpose lor analysis, control or prediction. 

A major disadvantage with chart recorders Is constituted by the sheer bulK of the paper constituting ttie 
record of the signal variations. Indeed, given that the chart marking usually constitutes only a.s«ng'ej'"e on 
achart of fixed width the major part of tfie area of the chart is wasted in me sense that it provides no useful 
information except to constitute a frame of reference wKhin which the value of the signal can be 
determined. 

If the information contained on the chart is likely to be needed again the whole chart must be stored and the 
storage problems for such bulky objects rapidly become a mgjor problern. Access to a given item of 
infonnatlon Is also difficult since the chart can only be viewed sequentially by "scrolling" through the length 
of the chart to find a period of interest. 

Other disadvantages of known chart recorders are related to their mechanical nature, and therefore the 
relatively poor response to rapidly fluctuating Input signals which limits the high freouency end of the signal 
soeclrum and to the fact that mechanical disturtjances to the recording instmment Iteelf can affect trie 
value of the record thus produced independently of the variations in the input signal thereby introducing 
another error. Further, the relatively fixed nature of the chart record means that companson between the 
skinal values at two widely differing points in time can be effected only with difficulty, either by laying the 
charts out on a large table and physically moving the regions of interest into juxtaposition, or by effecting 
measurements of the linear dimensions on the chart and storing these separately thereby, again, 
introducing potential errors in measurement of the chart itself. 

The present invention seeks to provide a recording and display instmment capable of performing the same 
functions as are currently performed by chart recorders, but which will overcome many of the above 
indicated disadvantages of chart recorders utilising visibly marked paper as the recording medium. Tne 
present invention also seeks to provide apparatus which is capable of storing the information electronically 
and displaying it likewise thereby making it possible to display two or more sections of a signal of interest 
simultaneous^ or sequentially in order to erfect comparisons. 

Further the present invention seeks to provide a recording and display instrument in which the record of a 
signal variation over an extended period of time can be stored in a relatively small space avoiding the 
necessity for large rolls or stacks of paper. 

Finally, the present invention seeks to provide an instrument capable of recording and displaying thej^lue 
of a vaWing incoming electrical signal utilising only solid state electronic components which are. therefore, 
not subject to the perlurt»ing influences of mechanical vibrations or other environmental disturt)anoe6. 

Accordinq to the present invention, therefore, electronic recording and display apparatus wmprises means 
for digitising the value of incoming electrical input signals varying in value with time said d<9rt"Sin0 fneans 
ScluSng converter means for converting the input signal to pulse form and .niegrator means for 'ntegrating 
the pulses to produc a digital signal representative of the analogue value of the input signals a randorn 
aSess ^mory for storing succlsslvely generated digital signals representing the mean value of the input 
S bX the samoK inien/ai ai suixessweiy addressable storage locations in a predetermmod r^ad.ng 
&7n th7mer!5^^^^ solid state matrix ^ay device operable to display a plurality of successive 
digitis d values of the input signal. 
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The apoaratus of the present invention can thus be used to provide a graphic display of the mannerin 
which an input signal has varied with time in a preceding time period, the individual digitised signal being 
displayed in such a manner that the magnitude of the digitised signal is represented as a linear dimension 
on the display. 

Of course, the memory may contain a very much greater number of signals then can be displayed at any 
one time on the display screen, and. therefore, there are preferably provided means for selecting the set of 
displayed digitised values from the total set of stored values in the memory. An operator nr^ay thus choose 
to display the set of most recent signals, or any set of signals from a period in the past selected by 
operating, for example, on a keyboard linked to a mferoprocessor controlling the apparatus. 

In a preferred embodiment of the invention the solid stale display device is controlled by the apparatus in 
such a way as to display each digitised signal as a line on the screen, adjacent digitised signals in a set 
thereof displayed on the screen being displayed as adjacent lines and the length of each line from a given 
edge of the display screen representing the magnitude of the digitised signal represented thereby. 

To further extend the usefulness of the apparatus of the present invention, for example to allow it to provide 
a permanent record of variation of a signal over a long period, perhaps running Into years, there may be 
further provided permanent storage means, and means for transferring the information from me memory to 
the said permanent storage means. Any known penmanent storage means suital)le for storing sets of 
electrical signals, and which can be "read*' to provide a regeneration of the electncal signals may be efT|p t 
yed For this purpose it is envisaged that the permanent storage means may include a magnetic recording 
medium such as magnetic tape or magnetic disc, or alternatively, a second solid state memory device may 
be employed, in which case this is preferably a programmable read-only memory device. 

Such a memory device is normally hard wired into the circuit and for the purposes of the present invention it 
is envisaged that the permanent memory would be provided with releasable connections, for example m 
the form of plug and wcket contacts such as the edge contacts frequently provided on printed circuit 
boards to allow the memory to be plugged in for transfer of information, and subsequently removed for 
storage. Non-volatile memory devices are required for this purpose and, if necessary, additional electncal 
supp^ by battery incorporated into the modular unit may be provided. 

The solid state display device may be a liquid crystal dot matrix display or an electro luminiscent display. 

A graphic display may be generated on such a device, this display being built up from individual visually 
discernable cells or unite. Such a matrix is divided into rows and columns defining a matrix of dots each dot 
being capable of being electrically energised to provide one of two binary, visually distinguishable states. In 
a reflective cell the slates represent reflective and non-reflective areas such that incident light falling on the 
screen is selectively reflected to provide a pattern of light and dark areas which can be visually 
distinguished by an obsen/er. The data stored in the memory is applied to this display device in such a way 
that a pattern is built up in a manner representative of that displayed on a conventional paper chart 
recorder. 

Additionally, means may be provided for displaying at least some of the information in alpha-numeric form, 
and the inronnation displayed may represent the values of all or some of the signal samples displayed m 
graphic form on the screen, or may represent values derived therefrom or intermediate values in 
calculations In which the values of the signal are substituted in order, for example, to determine safety 
margins or operating conditions. 

For example, the instantaneous values of each sample displayed graphically on the screen may be 
summed to provide a separate alpha-numeric display representing the total integral value of the signal over 
the time period In question, or alternatively an average value may be generated therefrom to represent the 
mean value of the signal over the display period. Such a mean value may also be indicated graphically 
either simultaneously or sequentially witn the graphic display of the digitised signals. 

The display control means referred to above may also be operable to change the display by. sequentially 
adding one signal to one end of the display and removing a signal from the other end of the display, shifting 
each individual stored signal one unit along the display screen so that an effective "scrolling through the 
stored information is achieved. 

Since the individual digitised signals are stored in a predetermined address pattern in the memory It is 
possible for the apparatus automatically to display a band of these signals by following the predetermined 
address pattern. 

In addition, the display control means may select a set of values from one location in the memory and 
another set of values for display from another location In the memory, the display screen then being split to 
allow two sets of values to be displayed at once for comparison purposes. The screen may split 
longitudinally or transversely (in relation to the time axle) for this purpose and, indeed, more than two 
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separate sets of signals may be displayed at any one time if comparison between three or more sets of 
signals is required. 

One embodiment of the present invention will now be more particularly described, by way of example, with 
reference to the accompanying drawings, in which: 

Figure 1 is a block schematic diagram illustrating e circuit constituting an embodiment of the present 

invention; ^ . x 

Figure 2 is a block diagram representing a part of the circuit of Figure 1 . and 

Figure 3 is a face view of a screen of a display device forming part of the embodiment or 

Figure 1. 

Referrino now to Figure 1 . the circuit shown is provided with input terminals 9,10 for receiving an analogue 
input signal which varies in time. Such signal may, for example, be a voltage signal the value of which 
varies in dependence on a measured parameter which causes it to vary in time. The nature of the input 
signal is not of course, critical to the present invention and adaptation for accepting an electrical signal in 
which the information is contained in a va7ing current rather than a varying voltage is equally withm the 
scope of the present invention. Likewise, tfie source of the signal is unimportant and may come from any 
type of electrical measuring or signal generating equipment to which a chart recorder may in the past have 
been attached to provide a display and record of the variations thus manifest. 

The voltage signal appearing between the terminals 9.10 is applied to a signal digitiser 11 which will be 
described in more detail In relatton to Figure 2. 

This signal digitiser receives a timing signal from a time period generator 19 and produces an output signal 
on a data bus 12 in the form of a digital number of binary form. The data bus 12 may. for example, contam 
eight lines in which case the digital number emitted by the signal digitiser 1 1 may vary between 0 and 256. 
Greater discrimination and definition may be achieved by utilising equipment capable of operating on more 
than 8-bit digital signals, but for the present description ft will be assumed that B-bit digital number may 
contain the required information with adequate resolution for the purposes of understanding the way in 
which the invention operates. 

The data bus 12 branches into two parts 13, 14 and the latter branch, 14, leads to a memory 20 whilst the 
former. 13 branches again into a branch 15 and a branch 16 the former of which leads to a display 
controller 21 and the latter of which leads to a record/play back circuit 1 7 which also receives control 
signals from an address generator 18. The address generator 1 8 is interconnected with the time period 
generator 19 and is linked by an address bus 22 to the display controller 21 and by a branching address 
bus 23 to the memory 20. A further branch of the address bus 22 leads to a permanent record memory 31. 

The display controller receives intput control signals from a keyboard 32 and generates control signals on 
an output bus 33 leading to a solid state display device 24 whfch. as mentioned hereinabove, may be an 
electrolinrijiscent display or a liquid crystal matrix. 

Referring now to Figure 2. the digitisation of the signal appearing across the terminals 9.10 as an analpgue 
voltage signal is effected by means of a vottage-to-frequency converter 25 which receives the varying input 
voltage signal and produces a frequency signal at the output thereof which varies in dependence on the 
magnitude of the input voltage signal. The varying-frequency signal from the voitageto-frequency converter 
25 15 supplied to a pulse shaper26 which, by any of the known means.(such as infinite clipping or 
saturation amplifying) produces a square pulse wave fonm at its output at the same frequency as the wave 
form at the input The square pulses from the pulse shaper 26 are then supplied to a counter 27 which 
counts for a time period detennined by the period generator 19 which, as shown ir^ 




I reset 

input and to the reset terminal of the counter 27. i ne osciiiaior ^6 generates a iweu nequency ^wnd which 
is. in effect, divided down by the counters 29 and 30 to produce an output signal at a fixed penod which 
depends on the required sampling time. This sampling time may be any suitable time period for the 
purposes to which the recording instrument of the present inventton is put and may vary from merely 
seconds in some situations to minutes, hours or even weeks in others. For example in the present 
description the time period will be assumed to be one minute. 

The counter 27 will thus produce an output to the data bus 12 representing the number of input pulses 
which it has counted during the preceding minute and is then reset by the time period generator 19 which 
latter then commences to time the next one minute period. The output from the counter 27 is in the form or 
an 8-bit binary number supplied to the memory 14 and stored there in an address determined by the 
address generator 18 which is also controlled by the time period generator 1 9 so that each individual 8-bit 
number arriving on the branch 14 of the data bus 12 is directed to an Individual separate address by the 
address aenerator 16 until the memory 20 is full. When this happens the future operation of the circuit 
depends on the programme in the display controller 21. If a long term store of the information is not 
required the address generator 18 may merely cycle through the address lo cations in the memory 20, 
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it to be removed easily for storage and replaced by a similar memory for stonng the next set of Signals. 

The display on the display device 24 is representative of a fixed size set of signals within the memory, and 
rcDrSs a Wof vievf* determined by the maximum number of matrix elements froni which such a 
Stay dS/ice^y be m^^^ The physiwl dimensions of the apparatus ar^d the required resolution of the 
2gna?will3S Sine the number of individual digitised signals which may be d'splayed on tt^^^^^^^ 
Fraure 3 Illustrates the format in which the screen Image appears, this representing a pluralrty of dark 
c3umns 40. 41 etc.. the length of which from the edge 42 of the screen Represents the p^^^^^ 43 
constituting an indication of variation in the value of ttie incoming signal applied to the tenronalsQ. 10. 

In addition, on the screen, alpha numeric repfBsenlation of selected signals and calculations made from the 
values of these signals may be displayed. 

In FiQure 3 the aloha-numeric display represents the maximum value, that Is the value of greatest signal 
SsXS and Se"averagUBvalv« of the signals displaved. It will be apparent to those ski led in the art 
h?£ K alpha-numeric signals representaLa of any desired combination of the stored signals or 
calculations based on the values of these stored signals nray be made. 
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Claims: 

1 Electronic rscordino and display apparatus characterised in that it comprises means (11) for dig'^'SinS 
me Sof iiS^SyeS^^^^ varying in value with time, said digitising means (l Uncang 
converter means (2l,26) for converting the inpofsignal to pulse form, and integrator means 27) for 
SpnmWno the Dulsas to oroduce a diqital sigrial representative of he analogue value of the input signal, a 
SnXa?<£ls'mlmo!?W^^ 

of the input signal over the sampling interval at successively addressable storage ^ 
SrSllerH reading pattern in the memory (20). and a solid state matnx display device (24) operable to 
display a plurality of successive digitised values of the input signal. 

2 Electronic recordinq and display apparatus according to Claim 1. characterised in that the display device 
(20) is oSe to d!^^^^^^ iWiduaWWipiiised signals in such a manner that the magnitude of the 
digitised signal is represented as a linear dimension on the display (20). 

3 Electronic rBCordIno and display apparatus according to Claim 1 or Claim 2, charaderised in that there 
L STl8.S)Z selecting a s^^^^^ displayed digitied values from the total set of stored values in the 
memory (20). 

4. Electronic recording and display apparatus, according to any of Claims 1 to 3. characterised in that the 
solid stele disDiav device (24) displays such digitised signal as a line on the screen, adjacent digitised 
I2natei?a seTSd^^^^^^^ screeJbeing dfsplayed as adjacem lines ?ndje length o^^^ 

Hne from a given edge of the display screen(24) representing the magnitude of digibsed signal represented 
thereby. 

S Electranic recordina and display apparatus according to any preceding Claim, characterised in ttet there 
are fSE prS perma^^^^^^ means (31) anB means (21 .22) for transferring the infoimation from 
the memory (20) to the said pennanent storage means (31). 

6. Electronic recording and display apparatus according to Claim 5. characterised j" that the peri^^^ 
storage means (31) romprise a magnetic recording medium such as tape, disc or drum, or a programmable 
read-only memory device. 

7. Electronic recording and display apparatus acconJing to any preceding Claim, characterised in that the 
solid state display device (24) Is a liquid crystal matrix display, or an electro luminescent display. 

8. Electronic recording and display apparatus according to any precedir^ Claim. cJara^S'CiS 
are provided display wntrol means (5l) for controlling display of a selecTed P '^.^l'tyolJgsed signals 
ftom the memory, the control means (21) being operative to change the set of displayed signals by one to 

JlddrSt iSi ii" mem?fy (20) after each set has been displayed for a predetemiined time whereby 
to effect apparent "scrolling" through the stored information. 

9 Electronic recordina and display apparatus according to Claim 8. characterised In that the display control 
LaSSl is oS^^ more sets of digitised signals selected from the signals stored at 
different address locations in the memory (20) whereby to effect a companson display on the display 
device (24). 

10 Electronic recording and display apparatus according to any preceding Claim characterised in that the 
dLlav SoK?) is farther selectively operable to cause the display device (24) to display data 
?epSS5rthe n^ntri^^^^ of the digSsed input signals and/or the value of o her s-gna^s derived 
therefrom in addition to or in place of the graphic display-of the digitised signal variation, this-data display 
being in the form of alpha numeric characters. 

1 1 Electronic recordinq and display apparatus according to any of Claims 8 to 10. characterised in that the 
JJSentSS n^e^^^^ hompr^es a solid state memory device P^^^^'^f^^^^^^^SlSef 
terminals Whereby the memory device (31) can be removed and replaced periodically so as to provide a 
separate permanent record of^ ttie data over a given recording lime period. 
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